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DISCRIMINATION OF HEMP AND MARIJUANA USING A FIELDABLE, 
COMBINED, COLORIMETRIC/SPECTROPHOTOMETRIC APPROACH 
 
 
ALEXIS RYAN BERNSTEIN 
 
ABSTRACT 
The passage of the 2018 Farm Bill, which included the legalization of regulated hemp 
production, is causing identification concerns within the forensic science community. 
Cannabis has two legal constructs, hemp and marijuana, which are macroscopically and 
microscopically indistinguishable. Hemp and marijuana both contain Δ9-
tetrahydrocannabinol (THC), however, the difference between them is based on the 
percentage of THC by dry weight. Per Section 7606 of the Agricultural Act, hemp is 
defined as containing less than 0.3% THC by dry weight. This project aims to create a 
commercially available, off the shelf, fieldable test kit to discriminate between hemp and 
marijuana. To be able to discriminate between the two categories, it will be important to 
be able to quantitate the percentage of THC. Fast Blue BB salt (FBBBS) has been shown 
in previous studies to produce distinct color changes with cannabidiol (CBD) and THC. 
Eight hemp varieties were obtained, as well as five varieties of marijuana. Cannabinoids 
were extracted from the plant material with the use of acetonitrile. The colorimetric 
reaction with FBBBS uses sodium hydroxide as the catalyst. Following the reaction, the 
samples were analyzed using one of two spectrophotometers, a commercially available 
handheld device and the other a larger bench-top style spectrophotometer. Qualitative 
results to date indicate that FBBBS produces a different color change with hemp and 
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marijuana. Hemp produces a dark orange, whereas marijuana produces a golden yellow. 
Additionally, Ultraviolet–Visible Spectroscopy results show that there are differences in 
the peak patterns between hemp and marijuana. There are commonalities of absorbances 
at particular wavelengths between different varieties of hemp, as well as the different 
varieties of marijuana. This study is to be further expanded on with some of the steps 
listed as Future Directions. Quantitative data has not yet been obtained, which is an 
important aspect of the field-test kit to differentiate between the two categories of 
cannabis. Furthermore, calibration curves will need to be created and used to quantitate 
the amount of THC and CBD present in purchased samples. A prototype kit has been 
constructed, consisting of a ruggedized Pelican™ case, a handheld visible 
spectrophotometer, a sample homogenizer, solvents, transfer pipettes and cuvettes. 
Another spectrophotometer will be obtained that scans a wider wavelength range.  
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1.1 History of Cannabis 
Cannabis is one of the oldest cultivated genus of plants in the world, as it is 
thought to have been domesticated for the last 8,500 years (1,2). The belief is that the 
cultivation began in central Asia and then quickly spread across the rest of Asia and to 
the other continents (2), becoming the most abused drug on the illicit market. Africa and 
Afghanistan are respectively the top producers in the world of cannabis resin (3), which 
is a sap-like substance that covers the plant itself. Comparatively, North America is the 
largest producer of herbal cannabis (3). In the United States (U.S.), the policing of 
cannabis is a multibillion-dollar annual cost to law enforcement (4). Additionally, the 
potency of confiscated marijuana has been increasing in amounts of THC over time (5). 
Cannabis has two legal constructs, hemp and marijuana, which are 
macroscopically and microscopically indistinguishable. They also cannot be 
distinguished based on their odor. The two legal constructs are differentiated by the 
percentages of cannabinoids present, specifically those of cannabidiol (CBD) and Δ9-
tetrahydrocannabinol (THC). While hemp and marijuana both contain THC, the 
difference is based on the percentage of THC by dry weight. Per Section 7606 of the 
Farm Bill, hemp is defined as containing less than 0.3% THC by dry weight, whereas 
marijuana contains more than 0.3% THC by dry weight. As for hemp, it usually has a 
higher percentage of CBD than marijuana does. Scientific literature differs slightly from 
the law in how to determine hemp versus marijuana. Cannabis is separated into three 
chemotypes based on the equation, 𝑋 = 	 [%&']	)	['*+]
['*,]
 (CBN – cannabinol). If X is greater 
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than 1, the plant matter falls into chemotype I, which is defined as drug-type cannabis, or 
marijuana. The next is chemotype II, which is when X is close to 1. This is considered to 
be an intermediate between chemotype I and III. If the ratio is less than 1, it is defined as 
chemotype III, fiber-type cannabis, or hemp. (2,3,6–9)  
Under the Controlled Substances Act (CSA) administered by the Drug 
Enforcement Agency (DEA), cannabis was considered to be a schedule I drug, meaning it 
has no known medicinal use and high potential for abuse. Since 1996, states have been 
changing their laws surrounding the use of cannabis, as both recreational and medicinal 
use has greatly increased (10). While states have created their own laws on cannabis, it 
was still illegal under federal law until the passage of the 2018 Farm Bill by the U.S 
Congress. This bill is of great importance, as it legalized the production of regulated 
hemp products. Under section 297A, hemp is now defined as:  
“the plant Cannabis sativa L. and any part of the plant, including the seeds thereof 
and all derivatives, extracts, cannabinoids, isomers, acids, salts, and salts of 
isomers, whether grouping or not, with a delta-9-tetrahydrocannabinol [THC] 
concentration of not more than 0.3 percent on a dry weight basis” (11,12) 
Based on this, the definition of cannabis in the CSA was edited to no longer include the 
word hemp. This removed hemp as a schedule I drug federally. Due to this, states and 
tribal territories can submit plans to the United States Department of Agriculture (USDA) 
for growing and producing hemp (11). The plan must include information on the land 
hemp will be grown on, a procedure for testing THC levels in hemp, how products will 
be disposed of, and lastly, how the grower will comply with enforcement procedures 
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(12). An extremely important distinction of CBD is also made in the 2018 Farm Bill, as it 
is not descheduling all CBD products. For CBD products to be legal under the Bill Farm, 
it must have been derived from a hemp plant, a plant with less than 0.3% THC. If CBD 
comes from a plant with more than 0.3% THC, a marijuana plant, it will still be 
monitored by the DEA and is still considered a schedule I drug under the CSA. Hemp has 
great commercial and economic value, as it can be used in many different applications 
(Table 1), which was a driving factor in its legalization. 
 
Table 1. Example of Products Hemp Can be Used For. Information adapted from (6). 
 
 
With an increasing number of states legalizing marijuana use (Figure 1), in 
combination with the language stated in the 2018 Farm Bill, it creates a great concern for 
the forensic science community and law enforcement on how to differentiate between the 
two legal constructs of Cannabis. There have been numerous cases since the passage of 
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the 2018 Farm Bill in which individuals were arrested for possessing marijuana, but what 
they actually possessed was hemp. Methods need to be developed that can easily identify 
the two in a field setting, because as of now, the only way to differentiate between them 
is through laboratory testing. The goals of this project are to develop a commercially 
available off the shelf, fieldable test kit to discriminate between hemp and marijuana, as 
well as quantitate the amount of THC and CBD through pre-established calibration 
curves. 
 
Figure 1. Status of Marijuana Legality on the State Level in the United States as of 
April 2020. The three categories represented are fully illegal, fully legal, and legal for 
only medicinal use. Fully illegal means there is no recreational or medicinal use 
permitted, whereas fully legal means it can be used recreationally, as well as medicinally. 
Information adapted from (14).  
 
1.2 The Cannabis Plant  
1.2.1 Cannabinoids 
 Plants in Cannabaceae contain over four hundred different chemical compounds 
that can be divided into eighteen classes (15). The main class found in cannabis is 
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cannabinoids, which are terpenophenolic compounds, produced in the glandular 
trichomes (7,16,17). To date, at least eighty-five different cannabinoids have been 
extracted from the cannabis plant (18), seventy of which are known to produce 
psychoactive effects (19). Along with  THC, and CBD, other cannabinoids of interest to 
note are cannabigerol (CBG), cannabichromene (CBC), Δ9-tetrahydrocannabinolic acid 
(THCA), and cannabidiolic acid (CBDA). Marijuana is known to have 4.5 times more 
total cannabinoids, in regards to concentration, than hemp plants (4).  
Cannabinoids can activate cannabinoid receptors on cells that repress the release 
of neurotransmitters in the brain (18), when they bind to endocannabinoid receptors (4). 
THC is the main cannabinoid responsible for producing psychoactive effects. THC is a 
mind-altering, psychoactive drug (20), which elevates mood and causes relaxation, 
followed by a period of sedation and drowsiness (21). Comparatively, CBD is known to 
produce relaxing, sedative, and therapeutic effects. CBD has anti-inflammatory, 
anticonvulsive, anxiolytic, analgesic, neuroprotective, anticancer, & antioxidant 
properties (13).  
Cannabigerolic acid (CBGA), which is the first cannabinoid product in the 
cannabis plant, is the precursor for THCA and CBDA (3,4,7,13,22,23). THCA and 
CBDA synthases are responsible for the conversion of CBGA to THCA and CBDA (4). 
These synthases are extremely important in determining whether the plant differentiates 
to become hemp or marijuana. Hemp possesses an allele for CBDA synthase, whereas 
marijuana has an allele for THCA synthase (8,17,24). In another sense, this means that 
hemp has a nonfunctional THCA synthase allele and marijuana has a nonfunctional 
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CBDA synthase allele (4). As previously mentioned, chemotype II of cannabis is an 
intermediate between hemp and marijuana. This type of plant has both a CBDA and 
THCA synthase allele. However, CBDA is produced in greater amounts, indicating that 
CBDA synthase is a superior competitor for CBGA (4). Additionally, if intermediate 
plants have a single nonfunctional CBDA allele, they have the potential to be defined as 
marijuana because they could contain more than 0.3% THC (4). THCA and CBDA 
decarboxylate into their natural forms, THC and CBD, upon heating (6,10,17,22,23,25) 
and slowly over time when being stored (3,26). In fresh plants, 95% of THC and CBD 
are in the form of their acid precursors (6). THC and CBD are structural isomers, both 
having the chemical formula C21H30O2 (27) (Figure 2), which is important to note.  
 
Figure 2. The Chemical Structures of THC and CBD. These compounds are structural 
isomers because they have the same chemical formulas. THC is 3-ring structure, whereas 
CBD has two. CBD also contains one more phenol group and a carbon double bonded to 
a methylene group.  
 
CBN is an important cannabinoid even though it does not exist in fresh cannabis, 
as it is a degradation product of THC (3,6,22,28). CBN is formed when THC undergoes 
oxidative degradation (13). While it is a byproduct of THC, CBN has low physiological 
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potency compared to THC (28). Since it is a degradation product of THC, CBN values 
can be used to determine the age of the plant material, as well as the chemotype it 
belongs in. CBN can be used to determine age because the higher amounts of CBN, the 
more THC that had been present and has since broken down. This is also why it is used in 
the formula to identify the chemotype. CBN has the highest absorptivity of the 
cannabinoids because it contains six double bonds in its molecular structure (29). This 
could be important when trying to identify cannabinoids in a spectrum because it will be 
the tallest peak, if present.  
1.2.2 Growth, Harvesting, and Botanical Features of Cannabis 
Cannabis is an annual flowering herb with a dioecious breeding system (2,3,17). 
Cannabis plants are highly variable, as they are often crossbred and pollinated by wind, 
creating differences in cannabinoid content and composition. The environment in which 
the plant is grown also has an effect on the amount of cannabinoids present (13,23). The 
literature seems to vary as to whether or not cannabis is a monospecific species. The 
Linnaeus view is that the monospecific, Cannabis sativa Linnaeus species is divided into 
subspecies such as Cannabis indica Lam and Cannabis ruderalis Janisch (3,19,24,30). 
The contrasting Lamarck view states that the species is either Cannabis sativa or 
Cannabis indica (2,24,30).  
Cannabis seeds have a characteristic reticulate pattern (“tortoise shell”) on the 
surface (3). As the plant grows, the unfertilized female plants are identified by the 
growers, as they will have the highest concentration of THC (2,3,29). Male plants are 
either destroyed, as to not pollinate the females, or artificially induced to be females, 
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because cannabis is a hermaphrodite (3). Hemp plants are harvested at the end of 
flowering and before seed formation (3). For marijuana, the flower heads, also known as 
buds, are harvested for use (3). As the plant ripens, the stigmas begin to turn brown and 
shrivel. When 75% of the stigmas are brown, the plant is harvested (3). Living cannabis 
contains about 80% water and is typically dried upon harvesting, as most modes of 
consumption require it to be dried (18). The plant is dried because it is the most effective 
way of consumption. Typical drying of cannabis occurs over 24 hours in a dark, 
humidity-free environment (18). Heat is infrequently used for drying as it can create mold 
and lower the effective potency of the cannabinoids (31). As the plant dries, THC will 
become partly oxidized to CBN (3).  
The botanical features of cannabis are very unique, allowing for discrimination to 
a high certainty when comparing cannabis to other species of plants. Cannabis plants 
contain both non-glandular and glandular trichomes. Trichomes are hair-like projections 
from the plant’s epidermal cells (3). Non-glandular trichomes have cystolithic hairs on 
the upper leaf surface (3). Cystolithic hairs contain calcium carbonate crystal deposits 
(3,27,32), which can be visualized through microscopy. Glandular trichomes have sessile 
glands, which are trichomes without a stalk, and are seen on the lower surface (3). These 
two botanical features are identifying traits of cannabis. Unfortunately, botanical features 
cannot be used to differentiate hemp and marijuana, as they are visually indistinguishable 




Figure 3. Hemp Flowers Compared to Marijuana Flowers. Both categories of 
cannabis are visually indistinguishable which causes identification problems. Cystolithic 
hairs can be seen here. Under a stereomicroscope, the calcium carbonate crystals can be 
seen.  
 
1.3 Methods of Analysis  
1.3.1 Colorimetric Tests for Cannabis Identification 
 Colorimetric tests are widely used throughout the field of forensic science as 
presumptive testing. Presumptive tests are used as a preliminary screening tool, to 
provide an indication of further steps to take for analysis. Different colorimetric tests 
have been designed to identify different drug classes, as they react specifically to the 
molecular structure of the drug. An electron transfer occurs between the molecules of the 
drug and the chemical reagent, producing a colored complex and a charged organic 
species (33).  The color produced can be dependent on the concentration of the drug (34), 
which is why a deeper color may be seen with higher concentrations compared to lower 
ones. Additionally, the color produced may appear different to different analysts, as color 
interpretation is subjective. Colorimetric tests are amenable for field use, as they are easy 
to use and provide quick results, but are not considered to be a confirmatory method. 
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1.3.1.1 The Duquenois-Levine Test   
The Duquenois-Levine test is the most known and widely used colorimetric test 
used to identify cannabis. This test utilizes vanillin, acetaldehyde, and chloroform. The 
colored complex is produced when acetaldehyde attaches to the free para position on 
THC and produces a bridge between THC and vanillin (35). Other cannabinoids such as 
Δ8-tetrahydrocannabinol, CBD, and CBN can also form chromophores (36,37). 
Chloroform is added to the colored complex because it was found to reduce the potential 
for false positives from non-cannabis matter, as only molecules with long aliphatic chains 
can cross into the chloroform layer (32,35). The molecule produces a color ranging from 
deep blue to deep purple. While the shade of purple can vary slightly depending on the 
prominent cannabinoid, the Duquenois-Levine test is not good for differentiating between 
hemp and marijuana because both produce a similar color change. Additionally, they 
produce similar absorption spectra, which further makes differentiation difficult (36). The 
Duquenois-Levine test has low specificity, as it commonly produces false positives with 
plants of related species. 
1.3.1.2 Fast Blue BB Salt (FBBBS) 
 Recently, more studies have been performed using Fast Blue BB salt (FBBBS) to 
identify CBD and THC. FBBBS is hemi (zinc chloride) salt that comes in the form of a 
yellow powder. It has been utilized in Thin Layer Chromatography (TLC) as a 
visualization spray, but has yet to be used widely as a reagent within a commercial spot 
test. The color of the chromophore formed is dependent on the main cannabinoid present 
in the sample. The diazonium group of FBBBS couples with the hydroxyl group (-OH) 
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on a benzene moiety of the cannabinoid structures to form a diazo complex (38,39). The 
diazonium group (-+N=N-) has a positively charged nitrogen (N) double bonded to 
another nitrogen (38,39). Both THC and CBD contain a phenolic hydroxyl group, which 
is why identification is possible for both. Literature reports that the color observed for 
THC is red and the color for CBD is orange (39). 
FBBBS has been found to have less false positives for other vegetation of related 
species compared to the Duquenois-Levine test (15). Additionally, it has the highest 
sensitivity of any color reagent used to identify THC and CBD (26,32). The absorption 
maxima of FBBBS with THC has been measured at 489 nanometers (nm) and for CBD at 
470 nm (26). Another study also determined that a peak at 396 nm in a spectrum is due to 
the yellowish color of the reagent (19). Additionally, the same study determined that the 
wavelengths observed for the reaction products of marijuana and FBBBS are 228 nm, 
312 nm, and 471 nm, stating that the peak at 471 nm is responsible for the reddish tint 
seen (19).  Based on the fact that the color change is also dependent on concentration, the 
absorbance values produced utilizing Ultraviolet–Visible Spectroscopy (UV-Vis) can be 
used as a quantitative method.  
1.3.2 UV-Vis as a Quantitative Method of Analysis 
 UV-Vis Spectrophotometry is frequently used in forensics for drug identification 
and trace evidence analysis. A benefit of UV-Vis is that it is able to provide quantitative 
results. Substances absorb or emit electromagnetic energy at various wavelengths. The 
absorbance can then be used to measure the concentration of the sample being analyzed. 
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Generally speaking, a spectrophotometer has a light source, wavelength selector, sample 
container, detector, amplifier, and readout device (Figure 4). (40,41) 
 
Figure 4. Schematic of Single-Beam Spectrophotometer. The source, which is a light, 
passes through a lens into a monochromator. From the monochromator, a beam of a 
certain wavelength is sent through the cuvette, which is then analyzed by a detector for a 
readout.  
 
The source will provide a similar intensity of light over a range of wavelengths. Common 
sources for UV-Vis include deuterium and hydrogen lamps, as well as tungsten filament 
lamps and Xenon Arc Lamps. The wavelength selector has a monochromator with three 
components: an entrance slit, dispersion device, and exit slit. The dispersion device can 
either be a prism or a grating. The difference between the dispersion devices is how they 
bend and reflect the light from the source. The light is then transferred through the 
sample container, where the cuvette with a solution would be held. The detector is then 
able to convert radiant energy into an electrical signal, producing a readout. By utilizing 
the Beer-Lambert Law, the concentration of an analyte within a sample solution can be 
determined, since absorbance is proportional to concentration. (40,41) 
1.3.3 Common Chromatographic Techniques for Analysis of Cannabis 
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Chromatographic techniques are utilized to separate mixtures into their 
components in order to analyze, identify, purify, and/or quantitate the components. Gas 
Chromatography-Mass Spectrometry (GC-MS) is the most widely used chromatographic 
technique. GC-MS provides total active cannabinoid (TAC) content in the plant matter 
(13). TAC describes the total cannabinoid potential of the sample. The injection port in a 
GC is heated, which allows conversion of THCA to THC and CBDA to CBD (31). 
Because of the heated port, a decarboxylation step does not necessarily need to be 
performed before analysis. However, depending on the temperature of the injection port, 
complete conversion may not occur, which is why the analyst may want to decarboxylate 
before injection into the instrument. It is important that the specific GC system and 
conditions must be validated to ensure that complete decarboxylation occurs (3). There is 
a fine balance of choosing the correct temperature for decarboxylation to occur and not 
allowing for THC to decompose (3). With GC-MS analysis, cannabinoids elute closely 
together during separation (31). The GC peaks must be well resolved from one another to 
accurately determine which cannabinoid is being identified. Using MS with a GC allows 
for identification of peaks even if the cannabinoids co-elute during separation (31). The 
following are the target ions for the three main target cannabinoids: CBD = 231, CBN = 
295, and THC = 299 (6).  
Liquid Chromatography (LC) has been utilized to identify and quantitate 
cannabinoids. The main difference between using LC versus GC is that the injection port 
is not heated, which means derivatization is not necessary. Therefore, if the cannabinoids 
are in their acid form, they will stay in that form. THCA and CBDA can then be observed 
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within the produced spectra and quantified, just as is done with the neutral forms. This 
allows for the determination of the original composition of the plant (13,22). Total 
cannabinoid content can be calculated by the analyst based on the quantitative results 
obtained. Additionally, decarboxylation can be performed before using LC to only obtain 
the total amount of the neutral form (3). Being able to determine acid forms is beneficial 
because they contribute to the overall cannabinoid content and are present at high 
concentrations in fresh samples.  
The use of TLC is common in studies because it has the ability to differentiate 
between cannabinoids. Separation occurs as a solution is drawn up the TLC plate by 
capillary action. The compounds have different retention factors and move up the plate 
different distances. For cannabinoid identification, the plate is sprayed with FBBBS and 
CBD turns orange, CBN turns violet, and THC is scarlet (32). The color formation 
process is the same as if a colorimetric test alone was being performed, where the 
cannabinoids form a complex with the reagent. Since no heat is involved, any 
cannabinoids in their acid form will can be identified because they will not 
decarboxylate.  
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2. MATERIALS AND METHODS 
2.1 Sample Preparation  
Hemp samples were obtained from the Hempest in Boston, Massachusetts, which 
purchases hemp from farms around the New England area. Certificate of Analysis (CoA) 
was included with some of the samples (Table 2). The marijuana samples were purchased 
from New England Treatment Access (NETA) in Brookline, Massachusetts (Table 3). 
NETA grows their own varieties of marijuana in an indoor cultivation facility. Both the 
hemp and marijuana samples contain varying percentages of cannabinoids.  
 
Table 2. Hemp Samples and their Reported CBD and THC Contents.  
* - Two samples identified by seller as Suver Haze were bought on two different days. 
Results suggest that there are differences between SH1 and SH2.  
† - THC values were not identified by the seller.  
 
 
Samples were photographed and then homogenized with the Lonzen® Rechargeable 
Electric Dry Herb Grinder, obtained from Amazon.com. For the purposes of this study, 
two different grinders were used; one was solely dedicated to grinding marijuana 
samples, while the other was used for grinding hemp samples. Depending on the size of 
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the flowers, one or two were placed into the grinder for homogenization. Flowers were 
broken up into smaller pieces before being put into the grinder for better homogenization. 
 
 
Table 3. Marijuana Samples and their Reported CBD, TAC, THCA, and THC 
Percentages.  
 
The United Nations Office on Drugs and Crime recommends removing the stem before 
homogenization. The stems for the marijuana samples were very rigid and could not be 
ground effectively, so they were removed from the flower and not placed into the grinder. 
Grinding times varied between samples based on their composition. The samples were 
determined to be homogenized when the flower was sufficiently broken down into a 
coarse powder. The marijuana produced a finer powder when ground compared to hemp, 
but also had more pieces that couldn’t be broken up. All removable parts of the grinder 
were cleaned thoroughly between samples by using isopropyl alcohol, obtained from 
Fisher Scientific (Waltham, Massachusetts) and cotton swabs. The grinder was 
determined to be clean when no more green residue was transferred onto the cotton swab 
used to scrub the parts of the grinder.  
From the grinder, the homogenized sample was transferred into a ceramic 
container and then into a dram vial, where they were stored until use. Using a ceramic 
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container proved to be the easiest method of transfer from the grinder because the 
samples did not stick to the sides of the container as much compared to the plastic weigh 
boats.  When the samples were ready to be used, 10 mg of the plant material, either hemp 
or marijuana, was weighed in a weigh boat. Care must be taken when measuring the plant 
materials because of static electricity; there is the potential to lose some of the sample 
during transfer. The 10 mg of the sample was placed in a conical tube with 12.5 milliliter 
(mL) of acetonitrile (ACN), which was obtained from Fisher Scientific (Waltham, 
Massachusetts).  
2.2 Reagent Preparations  
FBBBS was obtained from Sigma Aldrich (Branson, Missouri). The solution was 
prepared daily in a conical tube and kept away from the light. FBBBS is light sensitive 
and should be kept in a dark or shaded area when working with it. Light sensitivity is not 
a problem if it is exposed to direct light for a short period of time. In a dim light, the 
FBBBS could sit out for multiple hours without a problem. The solution was prepared as 
follows: 10 mg FBBBS + 10 mL water (H2O) à 0.1% FBBBS. Water was obtained from 
a reverse osmosis filtration system.  
Sodium hydroxide (NaOH) was obtained from Fisher Scientific (Waltham, 
Massachusetts) and functions as the catalyst for the FBBBS reaction (11). This reagent 
was prepared on a monthly basis as follows: 5 mL of 10 Normal NaOH solution + 95 mL 
of H2O à 5% NaOH. The combination of FBBBS, NaOH, and ACN (with or without 
extracted sample), will further be referred to as the “3-mix”. 
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2.3 Analysis by UV-Vis 
 Two spectrophotometers were used at different periods of this project for analysis. 
The first used was the Genesys™ 10uv Scanning Spectrophotometer and the second was 
the Vernier Go-Direct® SpectroVis® Plus Spectrophotometer. The Genesys™ has a 
screen for viewing the produced spectrum. For the SpectroVis® Plus, data is viewed on 
the Vernier Spectral Analysis Application, which can be downloaded to a computer or 
phone. The characteristics of the two spectrophotometers are compared in Table 4.  
 
Table 4. Characteristics of the Genesys™ 10uv Scanning Spectrophotometer (43,44) 
Compared to the Vernier Go-Direct® SpectroVis® Plus Spectrophotometer (45). 
NR = not reported  
 
 
The reagents were added into a 1.5 mL disposable, methacrylate, semi-microcuvette, 
obtained from Fisher Scientific (Waltham, Massachusetts), as follows: (1) 100 microliter 
(µl) NaOH; (2) 100 µl FBBBS; and (3) 1,000 µl ACN/extract. The reagents were mixed 
in the cuvette by pulling up the liquid with a pipette twice. The order that the reagents 
were added is important because if ACN was added first, NaOH and FBBBS would form 
a layer in the middle of the cuvette, consequently not mixing properly. Full wavelength 
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scans were performed with both spectrophotometers. The range used in experimentation 
with the Genesys™ 10uv Scanning Spectrophotometer was 200 nm to 700 nm. Once this 
region is scanned, the spectrophotometer produces an unchanging graph automatically. 
For the Vernier Go-Direct® SpectroVis® Plus Spectrophotometer, the range was 380 nm 
to 950 nm, and for the absorbances to stop fluctuating, a stop button needs to be pressed. 
However, there is no indication of when the analysis should be stopped. After the scan, 
the wavelengths and their corresponding absorbances of the major peaks were recorded.  
 Each of the varieties were analyzed in triplicate for testing purposes. Each 
analysis was performed utilizing a new cuvette and new aliquots of the aforementioned 
solutions. The color of the reaction was observed to change over the course of the 
analysis time, so analyzing the same cuvette multiple times would not be an accurate 
reflection of the absorbances and wavelengths. If the same cuvette was analyzed twice, 
the results were drastically different. This could be due to the instability of FBBBS and 
the source of the UV-Vis affecting the diazo complex formed with the compounds. 
Samples were not prepared until they were ready to be analyzed in the UV-Vis in an 
attempt to keep the time of analysis constant between analyses.  
2.4 Certified Reference Materials 
Certified Reference Materials (CRM) for THC and CBD were obtained from 
Cayman Chemical Company (Ann Arbor, Michigan). The CRM were 1 mg/mL of THC 
or CBD in methanol. CRM were only used with the Vernier Go-Direct® SpectroVis® 
Plus Spectrophotometer. The amounts of the 3-mix reagents were adjusted, to make the 
calculations for future calibration curves easier. The percentages of the reagents in the 
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total volume were determined and then used in the same ratio for a new total volume of 
1,000 µl. The new volumes were: 83 µl NaOH + 83 µl FBBBS + 834 µl ACN/extract. 
The reagents were added in the same order as above and mixed the same way in the 
cuvette. Once the reagents were mixed, a respective amount of the 3-mix was removed 
and the same amount was replaced by either the THC or CBD standard. This allowed the 
total volume to remain at 1,000 µl. 
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3. METHOD DEVELOPMENT  
3.1 Extraction Method 
Experimentation began on the Genesys™ 10uv Scanning Spectrophotometer. The 
choice of using ACN for extracting THC and CBD was based off a study on the recovery 
of cannabinoids performed by Wang et al. (2018). In the study, various solvents were 
tested and the best recovery of cannabinoids was reported with ACN (22). ACN is a good 
solvent for extracting cannabinoids because phenolic compounds are very soluble in 
polar solvents, due to a strong interaction between hydroxyl groups and hydrogen bonds 
(39). 
The initial extraction approach utilized 1 mL of ACN to 2 mg of samples; 
however, the peaks were off-scale, due to the extract being over concentrated.  To further 
dilute the sample, an additional 1.5 mL of ACN was added, which allowed the peaks to 
be visualized. Therefore, 2 mg of sample was extracted in 2.5 mL ACN. Based on this, it 
was decided to extract 10 mg of sample into 12.5 mL of ACN, which allows for 
visualization of the peaks, as well as multiple analyses to be performed from the same 
extract. It was important to create one extraction with a larger volume since the samples 
were analyzed in triplicate in order to have less variance between samples.  
3.2 FBBBS Concentration  
 At first, ammonium hydroxide, obtained from Fisher Scientific (Waltham, 
Massachusetts), was used as the catalyst for the reaction and the amounts used were 
based on a previous study that had a similar goal to this one (19). The following amounts 
were added into a dram vial: 500 µl of ACN, 10 mg of FBBBS, and 500 µl of ammonium 
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hydroxide. When the solution was transferred into a cuvette, a yellow residue remained 
on the sides of the vial. The color produced was an opaque, dark brown, which could not 
be analyzed by the UV-Vis. In an attempt to dilute this, 50 µl from the cuvette was added 
to 475 µl of ACN and 475 µl of ammonium hydroxide. The color was a translucent, light 
brown that was able to produce a baseline. This dilution method was then used for WK 
and SH1. For both samples, the color had a red tint to it and the peaks were off-scale. 
From here, 10 µl of the original preparation was added to 495 µl ammonium hydroxide 
and 495 µl of the extract for SH1. This produced a faint, yellow-orange color 
development. However, the peaks were still off-scale. Lastly, 2 µl of the original 
preparation was added to 499 µl of the SH1 extract and 499 µl of ammonium hydroxide. 
This produced a colorless solution, again with peaks off-scale. Upon further literature 
review, it was seen that a 0.1% FBBBS solution was used with TLC applications 
(6,17,26). Additionally, ammonium hydroxide was replaced with 5% NaOH (19,26,42).  
A benefit of using NaOH is that it has a much less pungent odor than ammonium 
hydroxide, making it easier to work with. This became the method used, as it was able to 
produce different colors for THC and CBD and the absorbances were visible on the 
spectra.  
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4. RESULTS AND DISCUSSION 
4.1 Genesys™ 10uv Scanning Spectrophotometer 
 The Genesys™ 10uv Scanning Spectrophotometer provided a good starting point 
for analysis and comparison of samples initially obtained. This instrument could not be 
interfaced with a computer to export the data, it could only print the spectra. Interpreting 
the spectra was also complicated because the user has to manually click across the 
spectrum to a specific peak, and it is difficult to determine the apex of the peak. Lastly, 
since the goal is to create a field-testing kit, this instrument was not amenable for that due 
to its size and weight.  
4.1.1 Analysis of the 3-mix Components  
4.1.1.1 Analysis of the Individual Components  
 As previously described in the materials and methods section, the 3-mix solution 
contains NaOH, FBBBS, and ACN.  Prior to the analysis of the samples of interest, it was 
important to evaluate the solvent/reagent contributions to ensure that if an absorbance 
was observed, its presence could be accounted for within the sample spectra. Both ACN 
and NaOH were analyzed individually and together. In all three tests, no absorbances 
were seen. One mL of the 0.1% FBBBS solution was added to a cuvette and the apex of 
the peak was too high to see. This peak started at 254 nm and ended at 434 nm. The 
respective resulting absorbances were 2.967 and 2.540. FBBBS was then analyzed with 
each of the other components. The combination of FBBBS and ACN produced an 
opaque, murky yellow color. Similarly, the apex was too high to see, but had a similar 
broad range as FBBBS alone. The peak ranged from 251 nm with an absorbance of 2.695 
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to 428 nm with an absorbance of 2.916. Lastly, NaOH and FBBBS were combined in a 
cuvette and produced a clear yellow color that was brighter than the one seen with ACN 
and FBBBS. Two peaks were produced, but again, their apexes were not visible. The first 
peak ranged from 254 nm to 269 nm with absorbances at 2.823 and 2.840. The second 
peak ranged from 356 nm to 446 nm with absorbances at 2.854 and 2.760.  
4.1.1.2 Time Course Study of the Reaction Mixture 
 A time course study of the 3-mix was also performed because ACN can cause the 
plastic cuvette to break down over time. It is important to see if compounds were 
leaching out of the cuvette and were visible in the spectrum. The time intervals were 0, 1, 
2, 3, 4, 5, and 10 minutes. Time 0 was used as the blank for the instrument. At first the 
color of the solution was yellow but by 2 minutes, the color was completely gone and the 
solution was clear. At 1 minute, there was a peak at 296 nm.  Minutes 2, 3, 4, and 5 had a 
peak at 293 nm, with varying absorbances. For 4, 5, and 10 minutes, a peak at 254 nm 
appeared, again with a varying absorbance. While this was seen once in the analysis of 
the hemp samples without UV-Vis, this should not be of concern because samples will be 
analyzed before four minutes. Ten minutes also produced a peak at 320 nm. It is possible 
that after a certain time point, something in the cuvette leaches out and causes the 
additional peaks. If this continues to be an issue in future experiments, quartz cuvettes 
will be used instead of the plastic cuvettes. The peaks produced at 293 nm, 296 nm and 
320 nm were not seen in the analysis of samples. Additionally, the 3-mix produced peaks 
that had apexes visible on the graph, which is a good result based on the previous 
experiment. Overall, it does seem as if the plastic cuvettes are suitable for use.  
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4.1.2 UV-Vis without FBBBS  
 The samples were extracted following the aforementioned extraction procedure. 
One mL of the extracted sample was added into the semi-microcuvette. All eight hemp 
samples and five marijuana samples were analyzed in triplicate. Hemp was shown to 
have peaks at 311 nm and 269 nm. The absorbances at each wavelength varied between 
the varieties of hemp, which is to be expected. In comparing the absorbances of the three 
analyses per sample, they were all in within a similar range, with the largest difference of 
all 24 analyses being 0.052 and the lowest being no difference. The absorbances of the 
three analyses of each sample were averaged together (Table 5). The absorbance at 269 
nm was always approximately 2.5 times greater than the absorbance at 311 nm. One 
anomaly occurred with SSC in which the third analysis had a peak at 254 nm. As seen in 
the time course study, a peak at 254 nm was seen at times 4, 5, and 10 minutes. The 
sample was analyzed immediately upon preparation, so time should not have been a 
factor. One thought as to why this happened was that there was some reason the cuvette 
had started to break down. Additionally, the absorbance of the peak was in the same 
range as that seen in the time course study, further indicating that the 254 nm is not part 
of the sample, but some component from the cuvette. Comparatively, marijuana absorbed 
at 311 nm, 308 nm, and 275 nm. All samples were prepared following protocol, except 
BTK, which had to be diluted with an additional 6 mL of ACN so that the peaks could be 
visualized. The absorbance values at 311 nm and 308 nm were comparable, compared to 
the absorption at 275, which was approximately 2 times greater (Table 6). In comparing 
the absorbances of all the analyses for each sample, the absorbance values at 311 nm and  
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Table 5. Average Absorbance Values of the Hemp Samples at 311 nm and 269 nm.  
 
308 nm only varied slightly and were always in range of each other. As for 275 nm, all 
absorbances were within a similar range, except for the three analyses of BTK. Two of 
the analyses are very similar and only varied by 0.008. The other though, was 0.189 
lower in its absorbance, which is a larger difference than what is seen in the other 
samples. It is possible that this is due to the fact that the extract needed to be diluted to be 
visualized on the graph.  
It should be noted that both hemp and marijuana absorb at 311 nm, with 
absorbance values in the same general range. This means that both contain at least one 
overlapping component that is visible in the spectra. Since 311 nm was not seen in the 
analysis of the 3-mix components, it can be deduced that this wavelength is from the 
extraction of the plant material. 
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Table 6. Average Absorbance Values of the Marijuana Samples at 311 nm, 308 nm, 
and 275 nm. 
 
 
4.1.3 UV-Vis with FBBBS 
 When analyzing the extracts with FBBBS, there was more variability in the 
wavelengths for the hemp and marijuana samples. All eight hemp samples and five 
marijuana samples were analyzed in triplicate. Hemp samples produced an orange color 
change, and the marijuana samples produced a light yellow color. The color for the 
marijuana samples changed from yellow to a light peach by the end of analysis in the 
UV-Vis. Additionally, the colors produced were contradictory to previously mentioned 
literature.  
For the hemp samples, all had a peak at 470 nm, 473 nm, and/or 476 nm. Other 
than in SSC, a combination of two of those peaks was seen. The combination was either 
473/470 nm or 476/473 nm. The latter combination was less common and only seen in 
the CB and B samples. For the absorbances of the pairs, the values were either the same 
or the higher wavelength was 0.001 greater. The same pattern followed for both pair 
combinations. For purposes of analysis, 473/470 nm was compared together as one peak, 
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as well as 476/473 nm. The two pairs will be treated as the same wavelength points. It 
seems probable that the compound that is absorbing here can have a wavelength in the 
range of 470 nm to 476 nm. 
The next wavelength seen in the hemp samples, excluding SSC, was at 287 nm or 
284 nm. Of the twenty-one analyses, fifteen had a peak at 284 nm, five had a peak at 287 
nm and one had equal peaks at 287 nm and 284 nm. For purposes of analysis, 287/284 
nm was compared together as one peak. The variability of absorbances between analyses 
of the samples was greater than what was seen with other wavelengths. Additionally, 
these samples all had an absorbance value at 254 nm. A peak at 254 nm had been 
identified in the time course study at 4, 5, and 10 minutes. Samples were analyzed 
immediately after preparation so they did not sit in the cuvette for an extended period of 
time. In the time course study, the absorbances were 0.382, 0.366, and 0.184. However, 
the absorbances for the samples ranged from 1.245 to 2.062. It seems probable that 254 
nm is a true peak for identifying hemp.  
SSC had different analytical results than the seven other hemp samples and 
therefore, the sample was analyzed with six replicates. Compared to the other hemp 
samples, all six analyses lacked a peak at 287/284 nm and 254 nm. There is also a peak in 
the 290-293 nm range seen in two of the analyses. A peak at 293 nm had been identified 
in the time-course study at 2, 3, 4, and 5 minutes. Since two minutes for appearance of 
the peak is a short time, it is possible that by the time the analysis was completed, this 
peak appeared in the two analyses. Half of the SSC analyses had the combination of 
473/470 nm or 476/473 nm. Of the other three analyses, two had a peak at 476 nm and 
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one had a peak at 473 nm. Based on the method of manually toggling through the range 
of wavelengths to identify a peak, it is possible that the second peak was missed.  
Run 1: 473/470 nm           Run 4: 473 nm 
  Run 2: 476 nm and 293 nm          Run 5: 473/470 nm, and 437 nm 
  Run 3: 476 nm and 290 nm                        Run 6: 473/470 nm              
For the marijuana samples, each absorbed at 257 nm and had equal or comparable 
absorbance values at 302 nm and 305 nm. Due to the similar nature of the absorbances at 
305 nm and 302 nm, they were treated as the same peak, 305/302 nm, for purposes of 
analysis. In addition to those peaks, WK had peaks at 431 nm and then either 368 nm or 
371 nm, which were combined as a peak 371/368 nm due do comparable absorbances.  
The other 4 samples, ATW, GG, GTH, and BTK, had an additional peak at 479 nm. 
Again, BTK was extracted in an additional 6 mL of ACN.   
Overall, the peaks to be identified with hemp samples are 470/473/476 nm, 
287/284 nm, and 254 nm. The peaks seen in all of the marijuana samples are 305/302 nm 
and 257 nm. Additionally, for marijuana, the peak at 479 nm is in agreement with 
literature, which states that THC absorbs at 480 nm.   
4.2 Vernier Go-Direct® SpectroVis® Plus Spectrophotometer  
The Vernier Go-Direct® SpectroVis® Plus Spectrophotometer was chosen due to 
its small size and ability for use in fieldwork. However, due to its small size and limited 
capability, there are some inherent analytical trade-offs. The manufacturer reports a ± 4 
nm wavelength accuracy. Based on the data produced, it seems there may be a greater 
difference in accuracy compared to the manufacturer’s reported value. In theory, UV-Vis 
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should create narrow and specific peaks, however, each electronic state has numerous 
vibrational levels, resulting in a range of wavelengths, leading to the broader peaks, 
frequently seen through analysis with this spectrophotometer (40).  
4.2.1 Analysis of 3-mix Components 
 Similar to the Genesys™ 10uv Scanning Spectrophotometer, prior to the analysis 
of the samples of interest, the contributions of the reagents were evaluated (Figure 5).  It 
was important to do this again since this is a different instrument and the results could 
differ. Both ACN and NaOH were analyzed individually and together, all of which 
absorbed in the negative range. FBBBS by itself has a yellow tint and produced a peak at 
380 nm. When FBBBS was combined with ACN, the spectrum followed the same pattern 
as ACN and NaOH; however, there was an absorbance present at 477 nm. Lastly, when 
FBBBS and NaOH were mixed together, a bright yellow color developed. A peak was 
seen at 392.8 nm and then equal absorbances values were seen at 412 nm and 413 nm. 
Per dos Santos, et al. (2016), the yellow color of FBBBS absorbs at 396 nm, which seems 
to be in line with the data with FBBBS individually and NaOH + FBBBS as shown in 
Figure 5.  
4.2.2 UV-Vis with FBBBS 
Samples were analyzed in triplicate following the aforementioned protocol. The 
three analyses were compared for wavelength ranges, which will be reported, as well as 
the average absorbance for the range. First, GG and B were plotted on the same graph in 
order to compare their peak patterns. This showed different absorbance spectra for the 
samples, which were respectively marijuana and hemp (Figure 6). The wavelengths seen 
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Figure 5. Absorbance Data of Individual Components in the Reaction Mixture. The 
reagents used in the 3-mix, which includes FBBBS, ACN, and NaOH, were analyzed 
individually and together to see if they contribute to the spectrum. FBBBS alone and in 
combination with the other reagents produced a peak at 477 nm.  
 
for GG were 427-429 nm, 468-472 nm, and 480 nm. The corresponding absorbances 
were 0.238, 0.182, and 0.199. The wavelengths for B were 458-460 nm with an 
absorbance of 1.399.  
Hemp samples were then analyzed in triplicate on individual graphs (Figure 7). L 
and SH2 had a different peak pattern compared to the other hemp samples, but were 
similar to each other. They were analyzed on a different day than the other samples. The 
color of the reaction with L was orange and changed to yellow by the end of the analysis. 
The wavelengths identified were 497-506 nm, 477 nm, and 452 nm. For SH2, the color 
started as golden yellow and then changed to orange. The wavelengths for this sample 
were 506/513 nm, 475-477 nm, and 451-453 nm. B was also slightly different compared 
to the other samples as the absorption appeared at 458-460 nm. 
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Figure 6. Absorbance Data of B (Hemp) Compared to GG (Marijuana). The 
absorbance data of one hemp sample and one marijuana sample which were each 
analyzed in triplicate. There is a different absorbance spectrum for both the hemp and 
marijuana. Next to the spectra is a picture the corresponding sample, in which the 
botanical features appear to be indiscriminate on the macroscopic level.  
 
Hemp samples were then analyzed in triplicate on individual graphs (Figure 7). L 
and SH2 had a different peak pattern compared to the other hemp samples, but were 
similar to each other. They were analyzed on a different day than the other samples. The 
color of the reaction with L was orange and changed to yellow by the end of the analysis. 
The wavelengths identified were 497-506 nm, 477 nm, and 452 nm. For SH2, the color 
started as golden yellow and then changed to orange. The wavelengths for this sample 
were 506/513 nm, 475-477 nm, and 451-453 nm. B was also slightly different compared 
to the other samples as the absorption appeared at 458-460 nm. It did only have one peak 
and followed the peak pattern of the other samples. The remaining five samples, CB, RB, 
SH1, SP, and SSC, all absorbed in the 466-469 nm range. CB has the lowest absorbance 
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at 0.887 and SP had the highest at 1.258. Overall, these five samples are in very good 
agreement with each other, indicating that a peak in this range is of interest. Watanabe, et 
al. (1979), had identified 470 as the absorption maxima for CBD. The data seems to agree 
with this finding as well.  
 
Figure 7. Absorbance Data of Hemp Samples. Each sample was analyzed in triplicate 
following the aforementioned protocol and is labeled accordingly. The pattern of L and 
SH2 are very similar, as well as the pattern seen for CB, RB, SH1, SP, and SSC. 
  
 The hemp samples were analyzed again and plotted on a single graph to be able to 
compare the different varieties (Figure 8). This provided the best results, as the 
wavelengths were within the same range. When plotted on the same graph, all samples 
had a single absorbance in the 467-469 nm range. Absorbances ranged from 1.029 to 
1.242. The reported percentages of CBD were compared to the absorbances seen. Other 
than RB, the lower absorbance values related to the highest CBD percentages. This is 
34 
opposite of what was anticipated, because in theory, the absorbance should increase as 
the CBD percentage increases.   
 
Figure 8. Hemp Samples Plotted Together with their Respective Absorbances. All 
eight hemp samples were reanalyzed and plotted on the same graph for comparison. All 
had absorbances within the 467-469 nm range and show good agreement.  
 
 The same steps were performed for the marijuana samples as well. All five 
samples were analyzed individually (Figure 9). The absorbance patterns seem to vary 
more than what was seen with the hemp samples. The results for GG were discussed in 
section 4.2.2. GTH and ATW have similar patterns. Both started out as yellow and then 
ATW changed slightly to a more orange color. The highest absorbing peak for both 
samples was 430-437 nm. Both had similar absorbance values in this range. The next 
peak identified was 392/391 nm. This peak is in the range seen from the yellow color of 
FBBBS. WK and BTK exhibited similar patterns as well. For the Vernier Go-Direct ® 
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SpectroVis® Plus Spectrophotometer, BTK did not need to be diluted with more ACN 
and had the lowest absorbance values. The range for the peaks of the three analyses was 
470-480 nm. The reaction with WK produced a golden yellow and BTK produced a 
light/neon yellow. There are some similarities and differences seen among the spectra 
shown in Figure 9. BTK and WK have similar patterns, as well as GTH and ATW. It is 
possible that there are other compounds being co-extracted, leading to the differences in 
the overall patterns. Overall, there does not seem to be much agreement between the 
marijuana samples in peak pattern due to varying difference in wavelength values.  
 
Figure 9. Absorbance Data of Marijuana Samples. Each sample was analyzed in 
triplicate following the aforementioned protocol and is labeled accordingly. The pattern 
of GTH and ATW are very similar, as well as the pattern seen for WK and BTK. The 
peak pattern of GG does not follow the pattern of the other samples.  
 
 The samples were then analyzed again and plotted on a single graph (Figure 10). 
The wavelengths were different than what was seen on the individual graphs. 
Additionally, the absorbances were lower than what was previously seen. Again, BTK 
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had the lowest absorbance and did not have to be diluted. BTK’s absorbance had equal 
values for the absorbances from 464 nm to 469 nm. WK and ATW had two peaks of 
almost identical absorbances. For WK, the first peak was at 470 nm and the second was 
at 477 nm. ATW had one peak at 472/473 nm and then a second at 477/479 nm. GG had 
an absorbance value of 0.311 for peaks at 474 nm to 481 nm. Lastly, GTH had equal 
absorbance values at 469/472 nm. The general range for these samples seems to be 469 
nm to 480 nm. While this is a large window, they are in the same general area, given that 
the wavelength accuracy of the instrument is ± 4 nm. There was no correlation made to 
the reported THC, THCA, and TAC percentages. 
 
 
Figure 10. Absorbance Data of Marijuana Samples Plotted Together. All five hemp 
samples were analyzed according to the aforementioned protocol. The general peak 
patterns are the same and they are all within the 464 to 472 nm range. Absorbance values 
between samples varied.  
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It is possible that there is peak smoothing in the software that could account for 
the differences. This should be explored further in order to better understand whether this 
was a real or observed difference. If it is a real difference, reproducibility could be of 
concern. Additionally, peaks are seen in the same general area but are not the same. 
When creating a calibration curve with this instrument, one specific wavelength needs to 
be chosen, which will be problematic because the wavelength values vary between 
samples. The variability could create a problem when trying to quantitate samples. 
Efforts should be taken to better understand the observed differences prior to trying to 
quantitate the amount of cannabinoids present.   
4.2.3 Time Course Study of Reaction with FBBBS  
 A time course study for the reaction with FBBBS was performed at times 0, 1, 2, 
3, 5, and 10 minutes for two marijuana samples (BTK and GTH) and two hemp samples 
(RB and SP). The samples were chosen randomly. For the marijuana samples (Figure 11), 
0 minutes and 1 minute are distinct from each other and the other time points. For 2, 3, 5, 
and 10 minutes, the absorbances were within a similar range. For GTH, the range of 
absorbances is 0.298 to 0.316 and for BTK, the range is 0.066 to 0.074. The wavelengths 
also varied between the two groups of time points and between the two samples. The 
wavelength for BTK at 0 and 1 minute was in the 475 nm range. The wavelength for the 
other time points was in the 489 nm range. For BTK, two distinct wavelengths are being 
identified because the difference is significantly greater than the wavelength accuracy 
reported by the manufacturer. Additionally, sometime between 1 minute and 2 minutes, 
the color of the samples changed from a golden yellow to a peach color, which can  
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Figure 11. Time Course Study of Reaction with FBBBS for Two Varieties of 
Marijuana. Left: BTK marijuana sample. Right: GTH marijuana sample. Samples were 
prepared following the protocol and analyzed by UV-Vis after 0, 1, 2, 3, 5, or 10 minutes. 
For both varieties, zero minutes and one minute were outliers compared to the other 
times. Between 2 minutes and 10 minutes there is consistent absorbances.  
 
 
account for the differences in wavelength values. For GTH, the wavelength for 0 minutes 
and 1 minute had equal absorbance values for 469-472 nm. For 2 minutes, the 
wavelength with the highest absorbance was 472 nm. For 3, 5, and 10 minutes, the 
wavelength was in the 480 nm range. The visible color for GTH was consistent 
throughout, with a light yellow/orange color.  The wavelength ranges for both marijuana 
samples were similar. GTH had higher absorbance values than BTK.  
 The results for the hemp samples varied from those seen in the marijuana samples 
(Figure 12). In the RB hemp sample, the wavelengths ranged from 460 nm to 464 nm. 
Based on the instrument’s wavelength accuracy, reported to be ± 4 nm, they are all 
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generally within the same range and have the same peak. The color changed from a 
golden yellow to light orange then to dark orange. Zero minutes had the lowest 
absorbance at 1.258 and 10 minutes had the highest at 1.515. Compared to the other time 
points, 10 minutes had an unresolved apex. For 1, 2, 3, and 5 minutes, there were 
comparable absorbances. In the SP samples, the wavelengths ranged from 459 nm to 465 
nm, which are generally in a close range. The color changed over time from a light 
orange to a dark orange. Again, 0 minutes had the lowest absorbance at 1.222.  The 
wavelengths for both hemp samples were in the same general wavelength range, which is 
around 460 nm. Additionally, for both, the color darkened as a function of time.  
 
 
Figure 12. Time Course Study of Reaction with FBBBS for Two Varieties of Hemp. 
Left: RB hemp sample. Right: SP hemp sample. Samples were prepared following the 
aforementioned protocol and analyzed by UV-Vis after 0, 1, 2, 3, 5, or 10 minutes. For 
both varieties, zero minutes had the lowest absorbance. Between 2 minutes and 5 minutes 
there are consistent absorbances. 
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 While the results for the hemp samples and marijuana samples were different, 
they both show that time is extremely important in the reaction. For consistency between 
samples, the results suggest it may be best to measure the absorbances between 2 and 5 
minutes, as that is where the results are most consistent. While marijuana and hemp have 
slightly similar results, the analyst would not know what the sample is in real life. The 
analysis time chosen should take into consideration optimal time for both hemp and 
marijuana, when in practice the sample will be unknown to the analyst. The time course 
study in section 4.1.1.2 also needs to be considered when choosing the optimal time. In 
conjunction with that study, it appears that analysis between two and three minutes would 
be best.  
4.2.4 Analysis of Certified Reference Materials (CRM)  
 The first part of analysis for the CRM was comparing the standards to one of the 
respective samples, which were chosen at random. The CBD standard was compared to 
B. The hemp sample was prepared following the normal protocol. The CBD standard was 
prepared by adding 5 µl to the 3-mix. The CBD standard was a lighter orange color 
compared to B. The wavelength for CBD was 456 nm and the wavelength for B was 449 
nm (Figure 13).  This wavelength is within a very similar range. The spectrum shows 
good agreement between the sample of interest and the standard. The THC standard was 
then compared to GG (Figure 14), following the same procedure. The wavelength seen 
for THC had equal absorbance values between 429 nm and 433 nm. Comparatively for 
GG, wavelengths of equal absorbances were seen from 445 nm to 447 nm. Overall, there 
was good general agreement between the standard and the sample of interest from a  
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pattern standpoint. Peak shapes change as a function of concentration and ACN is likely 
co-extracting other compounds. It can be difficult to determine exactly where the apex of 
the absorbance is due to the broad range of observed absorbances.  
Figure 13. Absorbance Data of B Compared to CBD Standard. The spectrum shows 
good agreement between the sample of interest and the standard, as they have a similar 
pattern and absorb within the same wavelength range. 
 
 
 The THC and CBD standards were also plotted on the same graph, both 
individually and together for comparison purposes (Figure 15). THC by itself had equal 
peaks between 421 nm and 423 nm. CBD had a single peak at 456 nm. This is the same 
wavelength that is seen in the CBD compared to B, however the absorbances were 
different. For the combination of the two, 5 µl of each standard was added to the 3-mix. 
There were two peaks seen here, one at 462 nm and another at 474/475 nm. The pattern 
of the THC + CBD produced what appears to be two peaks; however, the two cannot 
confidently be differentiated. One of the peaks aligns with that of the CBD standard, 
however, they should have comparable absorbance values. Intensity of the peaks is  
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Figure 14. Absorbance Data of GG Compared to THC Standard. The spectrum 
shows good agreement between the sample of interest and the standard, as they have a 
similar pattern. However, the highest absorbing wavelength for the two differed. The 




Figure 15. Absorbance Data of CBD and THC Standard Individually and in 
Combination. The standards were individually analyzed, as well as in a combined 
mixture. The peaks for the CBD and THC standards are different. However, when 
combined, the two standards produce two peaks, one of which aligns with that of the 
CBD standard.   
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analyte dependent however, and 1:1 concentrations of the standards would not 
necessarily produce equal absorbances. The aligning peaks were 456 nm for CBD only 
and 462 nm for the combination of the two standards. The absorbances were respectively 
0.252 and 0.309. 
4.2.4.1 Analysis of Different Concentrations of the CRMs 
The standards were each analyzed at various concentrations on a full wavelength 
scan to look for overall trends. CBD was analyzed at six different concentrations: 1 
microgram (µg), 5 µg, 10 µg, 15 µg, 20 µg, and 25 µg (Figure 16). At all of the 
concentrations, there is a peak between 477 nm and 481 nm. For the CBD standard, the 
peak pattern changed at 20 µg, where an additional peak at 507 nm was present. 
Additionally, at 25 µg, there was a peak at 512 nm. The apexes of these two peaks were 
wider and more unresolved than the lower concentrations. The peak at 479 nm for 15 µg 
and 20 µg only varied by 0.002. As the concentrations increased, the absorbance 
increased, which is to be expected.   
THC was also analyzed in the same fashion, but with concentrations of 1 µg, 5 
µg, 10 µg, 15 µg, 20 µg, 30 µg, 50 µg, and 100 µg (Figure 17). Higher concentrations 
were chosen because of the lower absorbances values. Overall, the peaks were wider than 
those seen with CBD. Additionally, there were greater color differences between each of 
the concentrations. At 1 µg, there was a negative absorbance so no peaks were seen. The 
color of this sample was yellow and changed to a peach color. It is possible that there was 
not enough THC to cause a significant enough color change that could be detected by the 
UV-Vis. At 5 µg, an absorbance value of 0.108 for wavelengths between the 472 nm to 
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Figure 16. Absorbance Data of CBD Certified Reference Material at Different 
Concentrations. The CBD CRM was added to the 3-mix to create a range of 
concentrations. For all concentrations, there was a peak in the range of 477 nm to 481 
nm. The peak pattern changed at higher concentrations but the peak around 480 nm 
followed the increasing pattern of the lower concentrations.   
 
 
480 nm. The color of the sample started as yellow and then turned to peach. 10 µg 
absorbed at 480 nm and had a yellow-orange color to start and then changed to light 
yellow. For 15 µg, there was a peak at 485.9 nm and the color was golden yellow, with 
no color change occurring. At 20 µg, a peak at 481 nm had an absorbance at 0.717 and 
was light orange. Due to the fact that the absorbance was relatively low, larger 
concentrations were used to be representative of concentrations of future samples. At 30 
µg, 50 µg, and 100 µg, the apexes were more unresolved than seen in the lower samples 
and all had a darker orange color. At 30 µg, wavelengths identified were 480 nm and 499 
nm. For 50 µg, peaks were identified at 482/483 nm, 491 nm, and 508.9 nm. Finally, 100 
µg had absorbances at 477 nm and 512/513 nm. The darker orange color did not agree 
with data obtained so far. Given the varying wavelengths seen with this instrument, it 
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does seem that the absorbance is generally in the 480 nm area. Many studies have 
reported that THC absorbs at 480 nm, showing that these results are consistent with 
published literature.   
 
Figure 17. Absorbance Data of THC Certified Reference Material at Different 
Concentrations. The THC CRM was added to the 3-mix to create a range of 
concentrations. The absorbances seen were around 480 nm. The peak pattern changed at 
higher concentrations, but the peak around 480 nm followed the increasing pattern, in 
which higher concentrations had higher absorbances.  
 
Based upon this data, the technique appears to have a higher sensitivity to CBD in 
comparison to THC. When comparing THC to CBD, higher concentrations were 
necessary to achieve similar absorbances to CBD. Based on the absorbance data, the 
concentrations of the current samples are in range with THC concentrations, however, it 
may be necessary when creating the calibration curve at a later date to increase the 
concentration of the THC further. The difference in absorbance values between the CBD 
and THC could also be due to the fact that the molar extinction coefficient of CBD is 
almost twice as high compared to other cannabinoids (26). The peak shift at higher 
concentrations seems to be similar between hemp and marijuana. The absorbance of the 
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peak around 480 nm increased as the concentration increased for both THC and CBD. 
Additionally, the color change was more stable with the larger concentrations because the 
color did not darken or lighten as time passed. This could be due to the fact that there is 





 The results of the experiments to date show that there are some differences in the 
produced spectra between hemp and marijuana. As seen in the UV-Vis analysis of 
samples without FBBBS with the Genesys™ 10uv Scanning Spectrophotometer, hemp 
and marijuana had distinct absorption wavelengths. Visually when using FBBBS, there is 
a different color produced from the reaction between hemp and marijuana. Hemp samples 
produced a color ranging from light orange to dark orange. Marijuana samples produced 
a light yellow to a light orange color. Additionally, a difference in the peak patterns 
between hemp and marijuana was seen in the results. While there were differences within 
the hemp samples and within the marijuana samples, it does seem possible that 
differentiation can be accomplished by UV-Vis. More concrete data is needed, however, 
to produce a reliable field-testing kit. The target wavelengths for both THC and CBD 
need to be determined in order to make calibration curves so that quantitation can be 
accomplished. Additionally, it is going to be important to find another portable UV-Vis 
that scans shorter wavelengths and has better accuracy. It is very likely that the shorter 
wavelengths the Go-Direct® SpectroVis® Plus Spectrophotometer does not analyze are 
important to be able to differentiate between hemp and marijuana.  
5.1 Design of Future Experiments  
 Due to laboratory closure from the COVID-19 pandemic, this project was not 
completed to the point where it was intended to be. The initial efforts were more 
qualitative in nature, but obtaining quantitative data is one of the overall goals of the 
project. The presented data should be expanded upon. The following will describe the 
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next steps that would have/will be taken to complete the study at a future time. In 
addition to the steps below, more hemp and marijuana samples will be obtained, so that 
there are at least ten per category to be more confident in discrimination.  
Considerations should be taken to purchase another UV-Vis because the current 
Vernier Go-Direct® only has a wavelength range of 380-950 nm. There are many peaks 
of interest below 380 nm that cannot be visualized using this instrument. To combat this 
issue, we will look for another portable UV-Vis that covers the UV area of the spectrum 
of interest. The other main issue with the portable spectrophotometer is that for the 
instrument to stop analyzing, the user has to press stop. However, the absorbances keep 
changing, so knowing the proper time to press stop is an issue that is making the data 
more difficult to interpret. This may be addressed by setting a fixed time to stop the 
acquisition. 
5.1.1 Calibration Curve Creation and Quantitation 
 Being able to reliably quantitate THC and CBD in the samples is one of the major 
goals of this project. Along with THC and CBD calibration curves, it will also be 
beneficial to obtain a THCA standard and create a calibration curve for it. Many of the 
samples have higher THCA percentages than THC percentages. To accurately quantitate 
the TAC, it will be necessary to have a concentration of both cannabinoids. As previously 
stated, there are still inconsistencies seen with the wavelengths of samples. More work 
would also need to be done in order to determine the best wavelength for creating the 
calibration curve for each of the selected cannabinoids 
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Since THC and CBD have the same chemical formula, they have the same 
molecular weight of 314.5 grams/mole (g/mol) (27). THCA has one more carbon and two 
more oxygen atoms compared to THC. Therefore, its molecular weight is 358.5 g/mol. 
The molecular weights were used to calculate the concentrations in moles/liter (mol/L) 
based on the amount of 3-mix used, as described in section 2.4 (Table 7). Samples will be 
prepared in the fashion of removing a certain amount of the 3-mix and replacing it with 
the same amount of standard. Once a calibration curve is established, the samples would 
be re-analyzed and compared to the absorbances seen in the calibration curve.  
 
Table 7. Calibration Curve Concentrations for CBD, THC, and THCA. 
   
5.1.2 Confirmation of Results Through Chromatography  
 Originally, the plan was to use GC-MS to confirm the results due to a wide 
variety of published methods and results. However, based on the reported percentages on 
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the packaging for marijuana, LC-MS seems like a better analytical approach. When 
quantitating with UV-Vis, the sample will most likely be fresh cannabis and have a 
greater THCA percentage than THC. Therefore, LC-MS will give a more accurate 
representation of fresh cannabis because both the THCA and THC concentrations are 
important.  
Given the large lapse in time since the samples were bought, it is very likely that 
the percentages will be different than what was originally reported on the packaging and 
seen in previous experiments. Due to the prolonged storage, it is likely that the acid forms 
have decarboxylated and THC has partially transformed to CBN. Based on this, it will be 
of importance to analyze the samples by UV-Vis and then immediately by LC-MS to 
ensure that there has been no transformation between analyses.  
5.1.3 Completing the Field-Testing Kit 
 The goal is to have all the components for this test fit into a ruggedized  
Pelican™ case that is approximately 10 inches by 12 inches, weighing less than 10 
pounds. The kit as it currently exists will be changed and expanded upon as the research 
progresses (Figure 18). The Go-Direct® SpectroVis® Plus Spectrophotometer is pictured 
in the sample kit, however, it is extremely likely that another one will be obtained and 
will replace the current spectrometer. The benefits of the spectrophotometer are that it is 
battery chargeable with a long battery life and an application can be downloaded to either 
a phone or computer, which produces the data. It connects to the app via Bluetooth or 
USB. This instrument is lightweight, small, and has a scan time of 2 seconds. The lower 
portion of the kit contains the Lonzen® Rechargeable Electric dry herb grinder, which is 
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also battery operated and has a USB charging cord, which is beneficial. The final kit will 
also contain a scale that can be used to weigh the amount of sample for testing purposes. 
A stepwise procedure on how to perform the test for the purposes of differentiation will 
also be included. 
 
Figure 18. First Version of the Field-Testing Kit to Differentiate Hemp and 
Marijuana. The kit is housed in a ruggedized Pelican™ case. The contents will likely 
change as the research progresses and will contain more of the tools necessary to 
complete the testing process.  
 
Once the testing procedure is solidified, two more steps will be performed to 
determine how the kit works. As a part of the analytical validation, the graduate student 
will be provided with unknown samples for analysis and will be required to determine 
whether the unknowns are hemp or marijuana. Additionally, data will be provided from a 
novice user (unfamiliar with the approach) who has been provided with 
instructional/operational guidance on his/her success rate at differentiating samples by the 
aforementioned approach. 
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